The Verbascum L. Group A with 4 stamens (30 taxa) were grouped which encompass ecological range, climatic specificity (temperature and precipitation), altitude and phenology (flowering and seed bearing periods) in Irano-Turanian, East Mediterranian and Euro-Siberian phytogeographical regions in Turkey. For this purpose Single Linkage (Nearest Neighbour) Hierarchical Cluster method was used. The results of cluster analyses suggested that the plant species which were collected from IranoTuranian, East Mediterranean and Euro-Siberian regions might be divided into three groups with respect to 5 characteristics based on cophenetic correlation, Delta coefficient, the pooled standard deviation of all the variables forming the cluster (RMSSTD) and determination coefficient (R 2 ). Pearson correlations were also computed in order to investigate linear relations between the phenological characteristics of regions. It was observed that there was a negative relation between temperature and flowering time (r=-0.678; p=0.008), temperature and seed bearing time (r=-0.657; p=0.011) in Irano-Turanian region. However, the correlation between temperature and flowering time (r=-0.096; p=0.767) and temperature and seeding time (r=0.176; p=0.584) was not statistically significant for the East-Mediterranean region.
Introduction
Plant phenology is relevant to plant growth and reproduction. Phenological changes differ from species to species (Crick et al., 1997; Schwartz et al., 2000) . Climate sets the limits for biota and all phenological changes in plants highly correlated Parmesan, 2003) . Climate policy includes agriculture and food production, land use, energetics, industry and transport, environmental and nature conservation and public health, but it also has sociological, educational, communication aspects (Eppich et al., 2009 ). The most sensitive indicators of the effects of the climatic changes are phenological processes of the biota (Ferenczy et al., 2010) . Phenological recording is a potential source for monitoring of climate change (Sparks et al., 2000) .
The interaction between genetic and environmental factors such as rainfall and temperature determine the flowering period of plants (Cenci and Ceschina, 2000) , which leads to seed bearing. Climate warming is expected to alter seasonal biological phenomena such as plant growth and flowering which depend on temperature, that is, the total heat required for an organism to develop from one point to another in its life cycle (Peñuelas et al., 2001) . One of the determinants of the temperature is the altitude so it also plays an important role on the changes of phenology. Alba and Hufbauer (2012) found out that introduced V. thapsus populations often perform better than their native conspecifics for biogeographic data describing performance.
Turkey has an extremely rich flora due to its geographical position, ecological and climatic diversity. Turkey is located at the connection of 3 phytogeographical regions; Irano-Turanian, East Mediterranean and Euro-Siberian (Figure 1) . It was estimated that there were 9000 plant taxa naturally distributed in Turkey and 30% of them are endemic (Taskin, 2000; Ekim et al., 2001 ). Scrophulariaceae family comprises 280 genera and 3000 species in the world and 30 genera and 466 species in Turkey. Genus Verbascum is represented by 360 taxa in the world and by 234 taxa in Turkey (Vural and Aydogdu, 1993; Karaveliogullari et al., 2004) . Endemism of the genus in Turkey is very high with 196 endemic species (80%) (Cecen et al., 2015; Karavelioğulları, 2012 Karavelioğulları, , 2014a Karavelioğulları, , 2014b . Verbascum group A, which has been revised, could be easily distinguished from the other Verbascum groups with having 4 stamens. In Turkey, its neighboring countries and Europe, there are 45 Verbascum species with 4 stamens. General distribution of the Verbascum species with 4 stamens is given in Table 1 and Figure 2 . (Huber-Morath, 1973 , 1974 , 1978 , 1981 Meikle, 1985 The species of Verbascum genus group A belongs to Irano-Turanian, East Mediterranean and Euro-Siberian phytogeographical regions according to their distribution dominance respectively. Especially, although there are some transitions between Irano-Turanian and East Mediterranean regions, in this study, the phytogeographical regions in which the species density is high because of its origin were taken into account (Table 2, Figure 3 , 4, 5, 6) . 
Materials and Methods
All the taxa of Verbascum Group A were collected at their flowering and seed bearing periods from May to September between 2001 and 2003. Identification of these specimens were done according to Flora of Turkey (Davis, 1988) The Single Linkage (Nearest Neighbour) Hierarchical Clustering was used to group the taxa from Irano-Turanian, East Mediterranean and Euro-Siberian phytogeographical regions according to their ecological, climatological and phenological characteristics. All the measurements and data were standardized to avoid influences of different measurement units. R 2 (determination coefficient), RMSSTD (the pooled standard deviation of all the variables forming the cluster), Cophenetic Correlation coefficient (this is the Pearson correlation between the actual distances and the predicted distances based on this particular hierarchical configuration) were used as goodness of fit criteria for clustering. A value of 0.75 or above needs to be achieved in order to consider clustering statistically meaningful and Delta (values close to zero are desirable) were used (Sharma, 1996; Anonymous, 2005) . In analyzing the data set NCSS for windows, SAS and Minitab for windows (version 13.0) statistical package programs were used.
Results and Discussion
Verbascum Group A which comprises the taxa that have 4 stamens are spreading all over Turkey. Competition and environmental conditions determine the limits of the distribution of these taxa. The descriptive statistics of altitude, climatic parameters (temperature and precipitation) and phonological characteristics (flowering and seed bearing periods) in phytogeographical regions can be seen in Table 3 . The results of clustering for Irano-Turanian phytogeographical region were given in Figure 7 . According to the cluster analysis V. serratifolium (Hub. Figure 7) . The most similar species are V. serratifolium and V. dudleyanum pair and V. anatolicum. The species most different from the others is V. agrimoniifolium subsp. agrimoniifolium, because it merges with others at a relatively high dissimilarity of 0,92. Generally, in the separation of plant taxa from this phytogeographical region in 3 groups, the cophenetic correlation was measured as 0,79, Delta (0,5) as 0,56 and R 2 as 0,80 from the measurements of the success of grouping or the goodness of fit. Hence it can be suggested that grouping of these 14 taxa with respect to these 5 characteristics is appropriate.
The species of third cluster which are V. suworowianum var. papilloseum, V. oreophilum var. oreophilum, V. oreophilum var. joannis and V. agrimoniifolium are more similar to each other than the species belong to first and second clusters (RMSSTD=0,358) ( Table 4 ). *RMSSTD is the pooled standard deviation of all the variables forming the cluster. The smaller the value, the more homogenous the observations are with respect to the variables and vice versa. *R 2 measures extent to which groups or clusters are different from each other. Alternatively, one can say it also measures extent to which the groups are homogenous.
The cluster analysis results for East Mediterranean phytogeographical region was given in Figure 8 Figure 8 ). Generally, in separation of plant specimens collected from this region in three groups, the cophenetic correlation was found as 0,82 and Delta (0,5) as 0,33, and R 2 as 0,79 from the measurements of the success of grouping or the goodness of fit. A high value for R 2 indicates that the clusters are well separated and consequently the clusters are quite homogenous.
There are 4 species from Euro-Siberian phytogeographical region. According to the cluster analysis the most similar species are V. freynii (Sint.) Murb. and V. ponticum (Boiss.) O.Kuntze, the dissimilarity value of these two species was found as 0,75. There were 3 clusters found for Euro-Siberian phytogeographical region. V. transcaucasium Wulf is the most different from the others (Figure 9) . The summary of the statistics for evaluation of cluster solution was given in Table 4 . From Table 4 it appears that there are three clusters in the data set. Furthermore, the three clusters are well separated suggested by R 2 , and the clusters are homogenous as evidenced by the low value of RMSSTD. The correlations between mean annual temperatures, altitude, mean annual precipitation of localities from where the plant species were collected and the flowering and seed bearing periods can be seen from Table 5 . For Irano-Turanian phytogeographical region there is a negative linear correlation between temperature and both flowering (r=-0,678, P=0,08) and seed bearing (r=-0,657, P=0,011) periods. There is also negative linear correlation between precipitation and both flowering (r=-0,465, P=0,094) and seed bearing (r=-0,534, P=0,055). On the other hand there is a positive linear correlation between altitude and both flowering (r=0,413, P=0,142) and seed bearing (r=0,460, P=0,098) periods. These results confirmed that if the temperature increases the flowering and seed bearing periods become earlier.
Irano-Turanian Phytogeographical Region
When the correlation between, mean annual temperature, altitude, mean annual precipitation of the localities from where these 12 plants were collected at EastMediterranean region, and the flowering and fruiting periods of these plant species were investigated, it was found that; temperature has a poor negative correlation with flowering time (r=-0,096, R=0,767) and positive correlation with seedling time (r=0,176, P=0,584). There was a positive correlation between precipitation and flowering (r=0,077, P=0,813) and seedling time (r=0,47, P=0,123). On the other hand, although there was a poor negative linear correlation between altitude and seedling time (r=-0,180, P=0,577), there was a poor positive correlation between altitude and flowering time (r=0,147, P=0,649) ( Table 5 ). Baltzoi et al. (2015) reported that V. olympicum is one of the drought tolerant suggested species which is recommended for Mediterranean gardens. Group A species have also been used as ornamental plants for ecologically suitable areas. Gabriele et al. (2014) determined the potential effects of climate change on 22 plant species whose range is restricted to central-northern Mediterranean region and one of these species was V. conocarpum which lives between 0-1800 m altitudes and geographically restricted in several habitats. Gabriele et al. (2014) also emphasize the need of monitoring and conservation actions immediately and suggest that rare species might be useful for monitoring the effects of global warming in the Mediterranean region. Verbascum (Group A) species, mentioned in this study, have importance to monitoring the climatic issues for Mediterranean, Euro-Siberian and Irano-Turanian regions. Motamedi 
